Biomarker responses of earthworms (Eisenia fetida) exposured to phenanthrene and pyrene both singly and combined in microcosms.
Microcosm studies were undertaken to relate biomarker responses to the toxicities in soil ecosystems contaminated by phenanthrene (Phe) and pyrene (Pyr), both singly and combined. Growth inhibition, enzyme activity, MDA content, sperm count, neutral-red retention time (NRRT) and annetocin and TCTP gene transcriptions were determined in earthworm Eisenia fetida exposed to Phe and Pyr, both singly and combined pollution in microcosm. Exposure to 0.5 and 2.5 mg kg(-1) Phe or 50 and 100 mg kg(-1) Pyr alone significantly decreased E. fetida growth, NRRT and sperm count. Two-way ANOVA analysis shows that the combination of these two compounds decreased growth, SOD activities, NRRT and sperm count synergistically, but increased the CAT activities and MDA content. The highest suppression rate of growth was 48.12%, the lowest levels of SOD activities and NRRT were 51.66% and 45.57% of the control, respectively. The highest increase in CAT activities and MDA content were 120.05% and 121.03% greater than that of the control when exposed to 0.5 (Phe)+100 (Pyr) mg kg(-1) soils. A clear dose-related response with exposure concentration was established for the NRRT. Real-time PCR shows that Phe and Pyr increased the expression levels of annetocin and TCTP gene synergistically. These results demonstrate that earthworms were under physiological stress at field dose of 0.5 (Phe)+100 (Pyr) mg kg(-1) soils. Phe and Pyr synergistically decreased sperm count and NRRT, but antagonistically caused changes in antioxidant enzyme activities to disrupt the detoxification functions and inhibit earthworm growth.